Shrinking Nanocapillaries to Low Noise Nanopores for Single Molecule Detection  by Steinbock, Lorenz J. et al.
Wednesday, February 19, 2014 633aMspA’s narrow constriction, we observe currents unique to the bases within the
constriction. We find that both, thermal fluctuations and the geometry of MspA,
ensure that these currents are governed by ~4 sequential nucleotides. Further-
more, we find that Angstrom-level changes in the position of the DNA within
the constriction considerably influence these currents. By varying the voltage
we can stretch the DNA and thereby adjust the average position of the DNA
within the pore. Our findings improve nanopore sequencing and highlight the
power of nanopore technology to probe Angstrom-level distance scales.
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Glass nanocapillaries (Figure a) can be shrunken under an electron beam of an
SEM. Figure b and c illustrate the tip of an unmodified nanocapillary from the
side and the top. The tip is approximately 230 nm broad (black arrow) and the
orifice measures 190 nm in diameter. After 4 minutes of irradiation the capil-
lary has shrunken in horizontal (white arrow in e) and vertical direction (black
arrow in e). The tip is now 180 nm broad and the orifice 25 nm big. The capil-
lary is then placed into a resistive pulse setup with a current amplifier. Scheme
in f shows the setup and the effect of the shrinking process. DNA is added to the
reservoir in front of the nanocapillary and
is translocated through the glass nanopore
by applying a potential. This translocation
causes conductance decreases as demon-
strated in Figure g and h. For smaller diam-
eters bigger decreases in the conductance
can be measured. Figure i shows the
conductance decrease caused by one
DNA molecule as a function of the diam-
eter. A model was developed to simulate
this dependence, which shows good agree-
ment with the data (fit in i).3199-Plat
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Quantum dots (QDs) have proved to be invaluable fluorophores across many in
vitro microscopy applications because of their greater photostability and bright-
ness than organic dyes and fluorescent proteins. However, commercially avail-
able QDs are ~20 nm in diameter due to their bulky passivating layer, a
diameter which is prohibitively large for use in small or confined systems.
We have developed a novel wrapping and functionalizing procedure of hydro-
phobic QD core-shells. Our small QDs have similar brightness and water sol-
ubility to commercially available QDs and their size (6-8 nm in diameter) is
comparable to that of GFP. Development of small QDs enabled us to study
the stepping mechanism of kinesin using two different colors at high spatiotem-
poral resolution. These studies provided further insight into the coordination
mechanism between the two kinesin heads during processive motility. We
anticipate that our small QDs will allow high signal-to-noise measurements
in a diverse range of systems currently inaccessible via bulky hydrophilic quan-
tum dots.
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The recent convergence of biotechnology and nanotechnology now provides
unique means to develop hybrid nanomaterials for advanced biosensing ap-
plications. In particular, the controlled assembly of metal gold (Au) and sil-
ver (Ag) nanoparticles using bio-inspired scaffolds is a promising approach
for the design of novel Surface Enhanced Raman Spectroscopy (SERS)
nanoprobes capable of single molecule detection sensitivity. Here, we pro-
pose a new design for colloidal Raman nanoprobes based on split-FP/metal
nanoparticle hybrid composites. We use split fluorescence proteins (split-
FPs) as both activatable Raman reporters and molecular glue to assemble
Au or Ag nanoparticles into photonically-active SERS nanoclusters. We ex-
pressed recombinant split-FPs (sGFP, sYFP, sCFP) with metal binding do-
mains and engineered their complementary peptide fragments for oriented
and controlled grafting at the surface of Au and Ag nanoparticles. These
split-FPs fragments were respectively coated on various size of metal nano-particles (5-50nm diameter), and were characterized by electrophoresis,
HPLC, Dynamic Light Scattering (DLS), Transmission Electron Microscopy
(TEM), and immunoblotting. In vitro, complementary metal nanoparticles
functionalized with split-FP fragments can self-assemble and form nanoclus-
ters as confirmed by electrophoresis and TEM measurements. To improve the
complementation kinetics of split-FP/peptide pairs on nanoparticles, various
point mutations were introduced in split-FPs. We further show that SERS
signals from split-FPs are specifically detected upon biomolecular interac-
tions of split-FP fragments and that the unique Raman signature of the FP
chromophores is easily distinguished over other protein modes when bound
to plasmonic nanomaterials. These results demonstrate the potential for high-
ly selective and sensitive SERS detection based on split-FP/metal nanopar-
ticle hybrid probes.Platform: Membrane Structure
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Repair of acute damage to the plasma membrane is an important aspect of
normal cellular physiology and disruption of this process can result in path-
ophysiology in a number of human diseases. MG53, a tripartite motif family
protein discovered in our lab, is an essential component of the acute mem-
brane repair machinery. It functions as a sensor of oxidation that occurs at
the injured cell membrane sites. Upon membrane damage, intracellular ves-
icles containing MG53 translocate and accumulate to the injured sites to
form membrane repair patches. When cells are at resting states, MG53 dis-
tributes both in the cytoplasm and at the cell surface through the phosphati-
dylserine (PS) binding motif. Through the use of superresolution single-
molecule fluorescence microscopy, we showed that MG53 is organized in
nanometer-scale clusters of ~25 nm at the surface of resting cells. At the re-
sealed membrane injury sites, clusters that are as big as 100 nm are observed
with higher local protein density, consistent with our previous biochemical
studies that MG53 forms oligomers upon oxidation. We also investigate
two mutant forms of MG53 - the Cys242 point mutation (C242A) and the
leucine zipper motif mutant (LZ12), both of which show defective mem-
brane repair capability due to the disrupted disulfide bond formation and
impaired oligomerization respectively. Both C242A and LZ12 mutants
show decreased cluster size and local protein density at the surface of resting
cells.
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We investigate the potential felt by membrane receptors inside membrane mi-
crodomains via tracking of single receptors labelled with rare-earth doped
luminescent nanoparticles and Bayesian inference analysis of the recorded tra-
jectories. We demonstrated that the potential felt by peptidic toxin receptors
confined in lipid rafts is well described by a second-order polynomial potential,
possibly due to an inhomogeneous lipid and protein distribution [Tu¨rkcan et al.,
Biophys. J. 2012] In contrast, the potential experienced by transferrin receptors
in cytoskeleton-delimited microdomains is localized at the border of the
confinement domain. Using the inference approach, we extract the hopping en-
ergy, i. e. the barrier height, between adjacent microdomains [Tu¨rkcan et al.,
PLoS One 2013]. We also investigate the interaction of lipid rafts with the cyto-
skeleton via a hydrodynamic drag force applied on the labelling nanoparticle by
a liquid flow inside a microchannel [Tu¨rkcan et al., Biophys. J., 2013]. We
demonstrate that the receptors are displaced, together with their confining
raft platforms, over distances comparable to the cell size against elastic bar-
riers. The number and stiffness of the encountered barriers indicate that they
are part of the actin cytoskeleton.
